Oxidative stress is considered to be a key risk state for a variety of human diseases. In response to oxidative stress, the regulation of transcriptional expression of DNA repair genes would be important to DNA repair and genomic stability. However, the overall pattern of transcriptional expression of DNA repair genes and the underlying molecular response mechanism to oxidative stress remain unclear. Here, by employing colorectal cancer cell lines following exposure to hydrogen peroxide, we generated expression profiles of DNA repair genes via RNA-seq and identified gene subsets that are induced or repressed following oxidative stress exposure. RRBS-seq analyses further indicated that transcriptional regulation of most of the DNA repair genes that were induced or repressed is independent of their DNA methylation status. Our analyses also indicate that hydrogen peroxide induces deacetylase SIRT1 which decreases chromatin affinity and the activity of histone acetyltransferase hMOF toward H4K16ac and results in decreased transcriptional expression of DNA repair genes. Taken together, our findings provide a potential mechanism by which oxidative stress suppresses DNA repair genes which is independent of the DNA methylation status of their promoters.
Introduction
Increased levels of oxidative stress in cellular microenvironments as well as the presence of reactive oxygen species such as superoxides, hydroxyl radicals, and hydrogen peroxide (H2O2) in the external cellular environment contribute to a key risk state for various human diseases. These diseases include age-associated neurodegenerative disorders, Alzheimer's disease, Parkinson's disease and various cancers [1] [2] [3] . It is well-established that oxidative stress-induced DNA damage activates cellular DNA repair mechanisms to maintain genomic stability by facilitating the recruitment of DNA damage and repair proteins [4] [5] [6] . Moreover, oxidative stress also occurs during chromatin-based processes in DNA damage repair, transcription, and DNA replication, which attenuate DNA repair efficiency via the epigenetic changes that include DNA methylation and histone modifications [7] [8] [9] .
Previous studies have focused on the elevated transcriptional expression of DNA repair genes which are regulated by the activation of kinases and transcription factors. Breast cancer associated protein 1 (BRCA1), p53, NF-κB, and AP-1 are believed to be the most important transcription factors involved in the response to DNA damage [10] [11] [12] [13] . For example, a subset of DNA repair genes involved in nuclear excision repair (NER; e.g. DDB2 and XPC via p53, ERCC1, XPF, and XPG via AP-1) are upregulated via
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International Publisher p53 and/or AP-1 following exposure to UV light [14] . For example, two DNA repair genes, APEX1 and NEIL1 are involved in base excision repair (BER), and are activated via AP-1 in response to H2O2-induced oxidative stress [15] . However, most studies focus on elucidating the activation or inhibition of some particular gene, rather than the overall regulation pattern of all DNA repair genes. Therefore, a broad characterization of transcriptional regulation of all DNA repair genes is necessary.
Histone modification represents one of the major epigenetic regulatory mechanisms that function in response to environmental stimuli [16] . The spatial and temporal control of DNA damage repair may be critically dependent on histone and chromatin modifications [17] . In order to rapidly recruit DNA damage response and repair factors, the formation of open chromatin structures at double strand breaks (DSBs) is required. This dynamic process is tightly associated with the alteration of histone modifications, including phosphorylation and acetylation [17, 18] . γH2AX (pSer139), an early marker of DNA damage response, facilitates recruitment of DNA damage proteins to promote the DNA damage response [19] . Beyond aiding in DNA damage signaling, recruitment of chromatin modifiers to DNA damage sites could inhibit transcription in situ, preventing the repair process and/or DNA damage signaling from interference by transcription. For example, H4K16ac is a highly abundant activating modification, with ~80% of histone H4 molecules having an acetyl group on K16 [20] . Hypo-acetylation of H4K16 is a targeted epigenetic site for posttranslational modification in the DNA damage response, in addition to its established roles in modulating chromatin structure and in transcriptional activation [21] . hMOF (human MOF, also called KAT8), a member of the MYST (Moz-Ybf2/Sas3-Sas2-Tip60) family of HATs, is a critical HAT for acetylating histone H4 at K16 [22] . Several studies show that depletion of hMOF renders global reduction of H4K16ac and defects of DNA repair in budding yeast and mammal cells [23, 24] . Interestingly, overexpression of hMOF reverses gene silencing of certain tumor suppressor genes induced by H4K16 deacetylation [25] . On the other hand, histone deacetylase SIRT1, which was initially identified as a homologue of NAD + -dependent deacetylase Sir2 in budding yeast, has the ability to deacetylate H4K16ac as well as H3K9ac and H3K14ac [26] . It has been shown that Sir2/SIRT1 are required for DNA repair and maintenance of genomic stability in either yeast or mammals [27, 28] . Notably, the reduction of H4K16ac displays association with the deacetylation activity of SIRT1, which has been confirmed by impairing deacetylation of H4K16ac in Sirt1 deficient cells [29] . Furthermore, exogenous expression of SIRT1 directly counteracts the effect of hMOF on H4K16ac and sensitization to the topoisomerase II inhibitor in cancer cells [30] . Additionally, SIRT1 modulates deacetylation of hMOF and is required for chromatin accessibility and activity of hMOF. These observations suggest that the regulation of H4K16ac, as the substrate of hMOF and SIRT1, is complicated, especially in the response to DNA damage [31] . Therefore, the detailed mechanism by which hMOF and SIRT1 synergistically modulate the level of H4K16ac in response to DNA damage requires investigation.
Here, we employed RNA-seq to profile the expression of DNA repair genes which were either induced or repressed in mammalian colorectal cancer cells following exposure to H2O2. RRBS-seq analysis showed no significant alteration of DNA methylation in promoter of significantly downregulated DNA repair genes in comparing H2O2-treated cells with controls. Moreover, we provide a potential mechanism by which hMOF and SIRT1 synergistically modulate the level of H4K16ac, which consequently contributes to suppression of DNA repair genes in response to H2O2-induced oxidative stress. Collectively, these findings describe an overall pattern of DNA repair gene response in mammalian cells exposed to H2O2-induced oxidative stress, where histone acetylation primarily accounts for the transcriptional changes of DNA repair genes rather than DNA methylation.
Results

RNA-seq Analysis Reveal Transcriptional Alteration of DNA Repair Genes in Response to H2O2-induced Oxidative Stress
In order to describe the pattern of transcriptional expression of DNA repair genes in response to oxidative stress, we first performed RNA-seq on human colorectal cell samples (HCT116 cell line) treated with or without H2O2 in duplicate.
Comparison of the transcriptional profiles identified 3,216 differentially expressed genes, among which 1,263 genes were elevated and 1,953 genes were repressed (Fig. 1A , Table S1 ). Gene ontology (GO) enrichment analysis was performed on these identified genes and z-scores were used to identify the proportion of upregulated genes in all differentially expressed genes for each term (Table S2 ). The data showed that significantly overrepresented biological processes were generally categorized into: cellular response to stress, DNA damage, apoptosis, signal transduction, cell death, and histone modification. To examine whether DNA methylation affects the transcriptional alteration of DNA repair genes, we performed reduced representation bisulfite sequencing (RRBS-seq) in HCT116 cells after H2O2 treatment. We identified 785 differentially methylated regions (DMRs) using a sliding window approach [32] . The differential methylation levels in H2O2 -treated HCT116 were observed to occur on genomic features of 3' UTR, 5' UTR, CDS, intron, and promoter regions ( Fig.  2A) . The promoters of almost all the DNA repair genes displayed no significant methylation disparity between H2O2-treated and control cells (Fig. 2B ). IGV mapping indicated that three DNA repair genes that were differentially transcrip- tionally repressed, RAD50, BRCA2, and FANCA, did not display differences in the methylation level between H2O2-treated and control cells (Fig. 2C) . Further, no change in the DNA methylation of FANCA was observed via Bisulfite Sequencing (BS) (Fig. 2D) . Therefore, we speculate that DNA methylation has a negligible effect on transcriptional regulation of DNA repair genes in response to H2O2-induced oxidative stress. 
H4K16ac Level is Significantly Decreased in Response to Acute H2O2-induced Oxidative Stress
Histone modification may contribute to the expression of DNA repair genes. When treated with 0, 0.5 mM, 1 mM, 2 mM, and 4 mM H2O2, respectively, H4K16ac expression significantly decreases after 1-4 mM H2O2 (Fig. 3A) . Following 2 mM H2O2 treatment for 0, 1 h, 2 h, 3 h, and 4 h, H4K16ac expression was observed to decreased initially but recover after 2 h of continuous H2O2 treatment (Fig. 3B) . In order to determine the alterations of histone modifications in response to different DNA damage reagents, we treated HCT116 cells with adriamycin (ADR), bleomycin (Bleo), camptothecin (CPT), and hydrogen peroxide (H2O2). H2O2 treatment specifically resulted in significantly decreased H4K16ac, while the other histone markers, H3K9ac, H3K27m3, H3K4m2, and H3K4m3 exhibited no obvious changes (Fig. 3C) . Fluorescent staining of H4K16ac in H2O2-treated HeLa cells was weakened, as determined via immunofluorescent staining (Fig. 3D) . The result of decreased H4K16ac under H2O2 treatment prompts us to speculate that H4K16ac could play an important role in regulating gene expression in response to H2O2-induced oxidative stress.
hMOF and H4K16ac Bindings of DNA Repair Gene Promoters Both Decrease in Response to H2O2-induced Oxidative Stress
To verify whether H4K16ac contributes to the transcriptional expression of DNA repair genes in response to oxidative stress, we first determined that H2O2 treatment leads to transcriptional repression of DNA repair genes from significantly differentially downregulated DNA repair genes shown in Table 1 via RT-PCR (Fig. 4A) , including BRCA2, RAD50, and FANCA, which are required for DNA double strand breaks repair. ChIP-qPCR assays revealed that hMOF and H4K16ac binding were co-enriched the similar promoter regions of these three DNA repair genes in control, both of which were decreased in cells exposed to H2O2 (Fig. 4B and 4C ). Although H3K9ac also presented at similar regions of these DNA repair genes in control, no alteration in expression is observed after H2O2 treatment (Fig. 4D) . These data indicated that the diminished binding of H4K16ac at promoters of DNA repair genes specifically contributes to H2O2-induced downregulation of these DNA repair genes.
SIRT1-Modulated Acetylation of hMOF Contributes to Downregulation of H4K16ac Levels in Response to Oxidative Stress
Previous studies have shown that chromatin affinity of hMOF is required for its acetylation activity toward H4K16ac [33] . Here, chromatin fractionation indicated that H2O2 treatment led to decreased chromatin affinity of hMOF (Fig. 5A) . Further, we found that there was an increase of H4K16ac in HCT116 cells treated by an inhibitor of HDACs, Trichostatin A (TSA), but a decrease of H4K16ac in HA-hMOF overexpressing HCT116 cells (Fig. 5B) . Thus, we speculate that some HDACs may regulate hMOF binding and activity toward H4K16ac.
Given SIRT1 is a HDAC which has been shown to affect acetylation of lysine 274 of hMOF to modulate the H4K16ac [31, 33] , we then constructed an unacetylated HMOF by mutagenesis of hMOF lysine 274(K274A). Our results demonstrated that the level of H4K16ac were increased after inhibition of SIRT1 via shRNA in HA-hMOF overexpressing HCT116 cells, whereas no alteration of H4K16ac occurred in HA-hMOF (K274A) overexpressing cells (Fig. 5C ). In addition, H2O2 treatment could resulted in the decrease of H4K16ac in SIRT1-knockdown cells (Fig. 5D ). These results suggest that SIRT1-mediated hMOF activity may contribute to the regulation of H4K16ac. Importantly, we found that H2O2 treatment induces decreased H4K16ac in HA-hMOF overexpressing cells, but not in HA-hMOF (K274A) overexpressing cells, while no effect of SIRT1 was observed (Fig. 5E) . Moreover, H2O2 treatment resulted in downregulation of DNA repair proteins level, (including RAD50, BRCA2, and FANCA) in HA-hMOF overexpressing cells, but not in HA-hMOF (K274A) overexpressing cells (Fig. 5F ). Collectively, these results conclude that acetylation of hMOF is required for the decrease of H4K16ac, which further leads to downregulation of DNA repair genes in cells exposed to oxidative stress. 
Binding of hMOF on Chromatin Is Dependent on ATM Kinase Activity
Previous studies have indicated that ATM is considered as one of the early response proteins in DNA oxidative damage signaling [6, 34] . And the binding of hMOF on chromatin is required for hMOF HAT activity toward H4K16 [31] . We therefore speculated that hMOF binding may be regulated via the signaling pathway dependent on ATM. We observed an increase in hMOF binding on chromatin after Wortmannin treatment (Fig. 6A) . Wortmannin is an inhibitor of early DNA damage response proteins in the PIKK family (phosphatidylinositol 3-kinase-related protein kinases) which includes ATM, ATR, and DNA-PK, this result indicated that PIKK family kinases impede hMOF binding. Further analyses indicated that there was increased binding of hMOF after ATM inhibition when using its specific inhibitor, CGK733 (Fig. 6B) . The change of hMOF binding was not observed in DNA-PK inhibitor (NU7026) treated cells (Fig. 6C ). H4K16ac levels in cells treated with Wortmannin, CGK733 and NU7026 were also measured, respectively. Both Wortmannin and CGK733 treatments respectively resulted in a significant increase of H4K16ac. But the alteration of H4K16ac was not observed in NU7026 treated cells (Fig. 6D) . These data suggest that the regulation of hMOF binding and H4K16ac is dependent on ATM kinase activity, but not DNA-PK kinase activity. Collectively, H2O2-induced oxidative damage can cause the alteration of hMOF binding dependent on ATM signaling pathway to lead to downregulation of DNA repair genes, therefore possibly feedback regulating DSBs repair.
Discussion
Here, we found that downregulation of DNA repair genes in response to H2O2-induced oxidative stress is independent of DNA methylation. Furthermore, our analyses revealed a potential mechanism of SIRT1-modulated hMOF acetylation, which affects hMOF recruitment and H4K16ac modification, thereby leading to downregulation of specific DNA repair genes. Our findings characterize transcriptional regulation of DNA repair genes upon oxidative stress and provide a molecular regulatory mechanism how some of the important DNA repair genes are suppressed (Fig. 6E) .
Only 8 out of 87 detected DNA repair genes (PCNA, RFC5, DCLRE1A, APE1, CDKN1A, FEN1 , UNG, and ALKBH2) in our RNA-seq data were activated in response to acute H2O2induced oxidative stress ( Fig. 1 and Table 1 ). This result is mostly consistent with the previous studies [35] [36] [37] [38] [39] [40] [41] . However, in previous studies, H2DCF-DA (5-carboxy-2', 7'-dichlorodihydrofluorescein diacetate), is used to induce oxidative stress rather than H2O2. The discrepancy in results may be due to subtle differences in metabolism or rather, in molecular signaling. On the other hand, previous reports do not investigate the suppression of DNA repair genes in response to oxidative stress. Our findings indicate that 15 of 87 enriched DNA repair genes are repressed, and many of these are involved in HRR or NHEJ ( Fig. 1 and Table 1 ), including FANCA, EME2, MSH5, POLM, PRKDC, and BRCA2. These results raise the possibility that oxidative stress may alternatively reduce the capacity of DNA double strand break repair via epigenetically repressing DNA repair genes involved in repair pathways.
DNA methylation is an important regulatory mechanism that contributes to transcriptional repression. Studies have examined the relationships between oxidative damage and epigenetic gene silencing using an engineered cell model in which an I-SceI restriction site is integrated into the CpG island of the E-cadherin promoter [42] . Based on these studies, a mechanism has been proposed in which H2O2-induced oxidative stress regulates epigenetic alteration of DNA methylation through the re-localization of DNMT1, EZH2 and SIRT1 on chromatin from non-CpG to CpG islands [43] . Here, our RRBS analyses indicate that the methylation level of promoters for almost all DNA repair genes remains unchanged (Fig. 2) , which contrasts with the aforementioned reports. Our RRBS-seq data comprises 113 genes as opposed to the 124 previously identified DNA repair genes documented in repairtoir. However, the 11 genes not analyzed with RRBS-seq do not display transcriptional differences between H2O2-treated cells and controls. OGG1, a DNA repair gene implicated in the BER pathway, has been found to modulate the recruitment of members of the silencing complexes to chromatin [44] . However, OGG1 is not deregulated after H2O2 treatment in our study, which may help explain the discrepancy in gene subsets analyzed. Although the influence of DNA methylation in other genes cannot be ruled out, these findings suggest DNA methylation may not be the predominant regulatory mechanism in the transcriptional regulation of most DNA repair genes.
We speculate that chromatin modifications may play important roles in transcriptional regulation of DNA repair genes in response to oxidative stress. Previous studies have showed that H4K16ac is a highly abundant activating modification [20] , is a target for posttranslational modification for double strand breaks (DSBs), and plays an important role in modulating chromatin structure and transcriptional activation. Our results further suggest that hypo-acetylation of H4K16 is required for suppression of DNA repair genes in response to oxidative stress (Fig. 3) . Significant DNA damage may be required for activation of DNA repair via transcriptional upregulation of DNA repair genes at low genotoxic doses. In contrast, at high doses, transcriptional inhibition would be provoked by epigenetic alterations including DNA methylation and histone modification, which would counteract the effect of gene activation. Our results show that the H4K16ac level is significantly decreased after 1 mM or higher dosage of H2O2 treatment but no alteration occurred in treatments with 0.5 mM or lower H2O2 exposures (Fig. 3A, 3B ). This result supports the hypothesis that a low dose of oxidative stress activates DNA damage signaling, but is not sufficient to alter histone modification.
hMOF is thought to be a major histone acetyltransferase for H4K16 and plays important roles in many biological processes, including chromatin de-condensation, the formation of chromatin boundaries and in DNA repair [25, 45, 46] . On the other hand, SIRT1 is a class III histone deacetylase that is able to deacetylate H4K16ac, and also functions in the modulation of chromatin structure [31] . SIRT1 also deacetylates chromatin modifying enzymes, including PCAF, p300, and hMOF [47] in addition to histone substrates and many other nuclear factors. Thus, SIRT1 may function in the modulation of H4K16ac via two mechanisms. First, SIRT1 may directly deacetylate H4K16ac in response to oxidative stress. Second, SIRT1 may regulate chromatin affinity and the activity of hMOF to indirectly promote hypo-acetylation of H4K16 [31] . In the present study, SIRT1 inhibition did not rescue the decrease of H4K16ac in response to H2O2 treatment (Fig. 5) , which precluded the first putative mechanism. Previous study has determined the mechanism that hMOF lysine 274 acetylation is required for hMOF activity toward H4K16 via affecting chromatin affinity of hMOF [32] . Here, we found that this mutation of hMOF (K274A) blocked the decreased level of H4K16ac via SIRT1 inhibition in hMOF overexpressing cells (Fig. 5) supporting the second putative possibility that SIRT1-modulated hMOF acetylation was the predominant cause to downregulation of DNA repair genes. In summary, we determined a potential mechanism that chromatin affinity of the remodeler may be an important mechanism by which chromatin structure, and gene expression, is regulated in DNA repair pathways.
Conclusion
In this study, we provide evidence that the number of downregulated DNA repair genes is larger than that of upregulated DNA repair genes upon exposure to H2O2. Moreover, our data suggests that the reduction in gene expression is independent of DNA methylation of promoters in H2O2-treated cells. These determinations were made via RNA-seq and RRBS-seq analyses. Overall, we determine an underlying mechanism by which SIRT1-modulated hMOF acetylation causes a decrease of H4K16ac, and thereby represses important DNA repair genes in response to H2O2-induced oxidative stress. These results strengthen our understanding of DNA repair gene dysregulation in response to oxidative stress and in human diseases resultant from this dysregulation.
Materials and Methods
Cell culture, Plasmids, shRNA, Antibodies, Chemicals, and Primers HCT116 cells and Hela cells were cultured in DMEM media (Hyclone, USA) supplemented with 10% fetal bovine serum (FBS; Hyclone, USA) and penicillin-streptomycin (Invitrogen, USA). cDNA for hMOF (NM_032188) was generated from a cDNA library and confirmed by DNA sequencing. cDNA for SIRT1 (BC012499) was purchased from Genechem Corp. (Shanghai) and then subcloned into pcDNA3. Bender, Austria) according to the manufacturer's instructions. Total RNA was isolated using the Trizol reagent kit (Invitrogen, USA). cDNA was reverse-transcribed from the total RNA using the First Strand Reverse Transcription Kit (Fermentas, K1691). qRT-PCR was performed on an ABI 7500 Real time PCR system using a SYBR Green Mixture (Roche, 4913914001).
Chromatin Fractionation
Cells were harvested and lysed in lysing buffer (10 mM HEPES pH 7.8, 10 mM KCl, 1.5 mM MgCl2, 0.34 M sucrose, 10% glycerol, 0.2% NP-40, 1X protease inhibitor, and 1X phosphatase inhibitor). After centrifuged at 1,500 X g for 10 min at 4°C and washed in ice-cold washing buffer (lysing buffer without NP-40), the pellets were then lysed in soluble nuclear buffer (3 mM EDTA, 0.2 mM EGTA, and 1X protein inhibitors). The suspension was centrifuged at 2,000 X g for 10 min at 4°C and washed in ice-cold soluble nuclear buffer. Finally, the pellets were added with buffer containing a high concentration of NaCl (50 mM Tris-HCl pH 8.0, 0.05% NP40, 0.45 M NaCl, and 1X protease inhibitor cocktail).
Immunofluorescence Staining
HeLa cells were fixed in 4% paraformaldehyde/PBS for 15 min and then washed with PBS containing 0.1% Triton X-100 (PBST) for 15 min at room temperature. Following blocked in PBS containing 5% BSA (Blocking buffer) for 30 min, cells were incubated with the primary antibodies (H4K16ac) which were diluted in blocking buffer for 1 h. Cells were washed 3X times with PBST and then incubated with Alexa Fluor 488 (Goat anti-rabbit IgG, 1: 200) in PBS/5% BSA for 1 h. After 3X times washed in PBST, cells were incubated with 1µg/ml DAPI and detected with a fluorescence microscope (Leica, Germany).
ChIP Assay
Cells were crosslinked with 1% formaldehyde for 15 min at RT and quenched in unreacted formaldehyde using 125 mM glycine. Cells were collected and re-suspended in ChIP dilution buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl pH 8.1, 150 mM NaCl and protease inhibitors [Roche, USA]). The lysates were then sonicated using a Sonics VibraCell sonicator resulting in average fragment sizes of approximately 200-500 bp which was confirmed by agarose gel electrophoresis. The sonicated lysates were then centrifuged at 4°C for 10 min, the supernatant was collected and then pre-cleaned with pre-washed protein A beads (Roche, USA) at 4°C for 60 min with rotation.
Prewashed DynabeadMyOne Streptavidin T1 beads (Invitrogen, USA) were incubated with the supernatant overnight at 4°C and precipitated by centrifugation. An aliquot of the pre-cleaned supernatant was preserved as a genomic control. The resultant DNA absorbed beads were washed with Buffer I (2% SDS) twice, Buffer II (0.1% Deoxycholate, 1% Triton X-100, 1 mM EDTA, 1 mM HEPES pH 7.5, 500 mM NaCl) once, Buffer III (250 mM LiCl, 0.5% NP-40, 0.5% Deoxycholate, 1 mM EDTA, 10 mM Tris-Cl pH 8.1) once, and TE (10 mM Tris pH 8.1, 1 mM EDTA) twice for 10 min at RT with agitation. The beads were precipitated using magnetic separation and SDS elution buffer (1% SDS, 10 mM EDTA, 50 mM Tris, pH 8.1), added to the eluate and de-crosslinked overnight at 65°C. The eluate was treated with RNase A and Proteinase K and extracted with a PCR recycle Kit (Qiagen, Germany). The resultant DNA eluate was then used for qPCR analyses.
RRBS library preparation, Sequencing and Analysis
Before RRBS library preparation, total cellular DNA (treated with or without H2O2) was extracted using proteinase K/phenol. For each library, 500 ng of genomic DNA was digested overnight with MspI (20 units). After purification, the digested products were blunt-ended. dA was then added, followed by methylated-adapter (Illumina, USA) ligation. To obtain DNA fractions in the 40-120 bp and 120-220 bp size ranges of MspI-digested products, two ranges (160-240 bp and 240-340 bp) of adapter-ligated fractions were excised from a 2% agarose gel. The size-selected DNA was bisulfite-treated for two rounds using the EpiTect Bisulfite Kit (Qiagen, Venlo, Netherlands) following the manufacturer's standard protocol. Finally, libraries were generated by amplification with HiFi HotStart Uracil+ ReadyMix (KAPA, USA) and Illumina Multiplexing PCR Primers. An Agilent 2100 Bioanalyzer (Agilent Technologies, USA) and RT-PCR were used to assess the quality and quantity of the RRBS library. After RRBS library construction, Illumina HiSeq2000 was used to sequence the libraries according to the manufacturer's protocol. Paired-end short reads were generated from cells (with or without H2O2 treatment) via HiSeq2000 sequencing. Our published integrated software RRBS-Analyser was used to perform quality control, align the reads to the reference genome, identify methylated cytosines, and identify differentially methylated regions. Results indicated that the bisulfite conversion experiment was estimated to be more than 99% low non-CpG methylation levels.
Bisufite Sequencing (BS)
2 µg of cellular genomic DNA (before and after 2 mM H2O2 treatment) were then treated with bisulfite. Bisulfite treatment converts cytosine to uracil while 5-methyl cytosine is resistant to the conversion. After the treatment, genomic DNA was subject to subcloning and sequencing. The sequencing result was then compared to the original sequences, and any methylated/unmethylated cytosines are unambiguously determined.
